In order to investigate the defects in the intersection of variable polarity plasma arc (VPPA) welding seam with the friction stir welding seam. Different kinds of specimens with crossing and overlapping welding seams were prepared. Defects in the overlapping and crossing welding seam were detected. The mechanism of defects was further explored. At last, the schematic of welding porosity forming were given.
Introduction
Aluminium alloy are finding increased use in aerospace, transportation (automotive, shipbuilding) and chemistry industry due to their high strength-to-weight ratio, remarkable ability to resist corrosion. The extensive application of aluminium alloy promotes the development of aluminium alloy welding technology; meanwhile the development of aluminium alloy welding technology extends the application of aluminium alloy.
Aluminum presents high hydrogen solubility in the liquid and an important solubility gap between solid and liquid state. One of the major concerns during welding of aluminum alloys is the presence of porosity in the weld metal that can deteriorate mechanical properties, particularly tensile strength and elongation [1] [2] [3] .
Variable polarity plasma arc welding (VPPAW) and Friction stir welding are two valuable welding processes for aluminum alloys. Compared with other arc welding processes, VPPAW can generate high weld quality and high productivity at relatively low cost. These attractive features are attributed mainly to a fully penetrated keyhole-mode weld pool, inside which hydrogen cannot be trapped, and to the removal of tenacious oxide film on the workpiece surface, which guarantees better fluidity of the metal in the weld pool [4] . Friction stir welding (FSW) is a relatively new solid state joining process [5] that offers the potential for joints with high fatigue strength, low preparation and little post-weld dressing. Other benefits include generally low defect populations (compared with fusion welding) and the ability to join dissimilar metals.
Joints without porosity can be produced by either VPPA or FSW. However complex structure can not be finished by one kind of welding process. Usually, space vehicle is produced with the support of several kinds of welding processes.
There is a high possibility that sound joints will be obtained by either VPPA or FSW. However, only a limited number of studies have been done on defects in the intersection of VPPA and FSW.
In this paper, several kinds of overlapping and crossing welding seam were prepared, and defects in the overlapping and crossing welding seam were detected. The mechanism of defects was further explored.
Experiment
The base metal used in this study was a 2219 aluminum alloy plate of 6 mm in thickness, whose chemical compositions are listed in Table 1 . figure   1 . Table 2 shows the results of X-ray radiography inspections. Some fracture surface appeared as wave form, as shown in figure 7 , which is identical with the fracture which tensile specimen bearing zigzag line [6] . Zigzag line or lazy S is recently hypothesized to be due to entrapped oxide particles seeping from the specimen surface during welding [7] [8] . Okamura et al. Due to special keyhole mode and vertical-up process, VPPA welding can facilitate the outflow of the hydrogen generated in the melt. However for hydrogen generated at the neighborhood the fusion line where the dwell time for melting pool is short.
Results
Therefore the hydrogen is easily caught in welding seam, and form the porosity. 
Conclusions
When arc welding seam meets with the FSW seam, porosity is usual defect in the intersection of above two different welding seams.
The entrapped oxide seeping from specimen surface leads to the formation of porosity in the intersection of FSW with VPPA.
